Aim The main objective in this population-based study was to analyze the incidence of fall-related emergencydepartment visits and recurrent falls among older people in a Finnish community. Findings Thirteen percent of all ED visits of patients aged 80 years and over are fall-related. One in four ofthose discharged home had a new fall-related injury. Message As the risk of subsequent fall-related injuries was high during the first month after the fall, weemphasize the need to intervene with the fall risk promptly.
Introduction
Fall-related injuries are common among older people. It is assumed that at least one third of those aged over 65 years suffer from falls each year [1, 2] . While 30-50% of falls result in bruises, wounds and other minor injuries, up to 10% of falls lead to major injuries, such as traumatic brain injury or hip fracture [3, 4] . Consequently, falls are a significant contributor to morbidity, mortality and functional decline; after a major injury, older patients are at a high risk of longterm care [5] [6] [7] [8] . Therefore, falls are also associated with significant costs [4, 9] .
Half of those with fall-related injuries have subsequent fall-related injuries [1, 10] . Previous studies have shown an association between fall recurrences, severe injuries and mortality [11] . Prevention relies on the identification of high-risk patients. Therefore, clinical guidelines recommend that fall patients should be carefully assessed and considered for multifactorial interventions to reduce the risk of new injuries [12] . Fall-risk assessments should include elements such as evaluation of gait, balance, physical performance and visual, cognitive or neurological impairment, and multiple tools for this purpose have been developed [13] .
Given the large burden of falls and the aging population, it is important to establish risk-reduction programs for those with fall-related injuries [14] . However, the effective targeting of resources for prevention requires not only knowledge of which fall-prevention methods are effective, but also knowledge related to the magnitude of the problem. Consequently, the main objective in this population-based study was to analyze the incidence of fall-related emergency department (ED) visits and recurrent falls in a Finnish community.
Materials and methods
Consecutive patients aged ≥ 80 years from city of Tampere (population ca. 230,000 [15] ), Finland, who presented to the collaborative ED in Tampere University Hospital between 1 January 2015 and 31 December 2016 due to fall-related injuries were included in this study. In the study collaborative ED, all patients visit the same ED regardless of their indication for emergency visit and all physicians have similar options available to examine patients, i.e., the same radiological services and laboratory examinations are available to all physicians and for all patients. Specialists (i.e., internists, surgeons and neurologists), residents and other acute care physicians work alongside each other. Patients were identified from an institutional database by retrieving all ED presentations associated with the International Statistical Classification of Diseases and Related Health Problems 10th revision (ICD-10) subclasses for falls as an external cause of accidental injuries (W00-W19, "Falls").
Patient demographics and diagnoses were retrieved from hospital records. The key factor under analysis was the incidence of fall-related injuries (ICD-10). Falls were registered only during the two-year study period. Patients with one fall-related ED visit during the study period were registered as single fallers, whereas those with multiple falls were registered as recurrent fallers. In addition, specific subgroups, e.g., those with multiple falls, were identified. Population statistics were obtained from the open database of Statistics Finland (https ://pxnet 2.stat.fi/).
Statistical analysis
All statistical analyses were performed using SPSS Statistics version 22 for Windows (IBM Corp, Armonk, NY, USA). The age-and gender-adjusted incidence rates were expressed as the number of ED visits per 1000 person-years. A Kaplan-Meier curve is used to illustrate the time from the first fall-related visit to subsequent new injury among patients who were discharged after the first visit.
Results
During the 24-month observational period, a total of 6944 patients aged ≥ 80 years visited our ED and made a total of 17,769 visits. Falls contributed to 13% (n = 2347) of all ED visits, and 8.0% of the whole local population aged ≥ 80 years required ED services because of falls (17% of those aged ≥ 90 years). Fifty-seven percent (n = 1338) of older patients made a single ED visit, whereas the rest had multiple fall-related ED visits (431 patients; 1009 ED visits, range 2-5). Fifty-six percent of the falls (n = 1305) occurred at home among those living independently, 9.8% at nursing homes (n = 230), 4.2% at healthcare facilities (n = 99), and 30% (n = 713) occurred outside the home among those living independently. Thirty-two percent of all patients (n = 747) were admitted to hospital and 39% (n = 925) were discharged home and the remaining 29% (n = 675) to other healthcare facilities. Baseline characteristics of the study population are presented in Table 1 .
The incidence of fall-related ED visits (number of fallrelated ED visits/1000 person-years) increased with age and was higher among females (Figs. 1, 2). The incidence decreased after the age of 95. The incidence was 107/1000 among those aged ≥ 80 years, and it was 90/1000 among males and 115/1000 among females. The incidence was 94/1000 among those aged 80-89 years and 171/1000 among those aged 90 years or over. There was no major monthly variation in the number of ED visits. The number of ED visits peaked at 3 p.m., and 55% of the ED visits occurred during office hours (8 a.m. to 4 p.m.), as illustrated in Fig. 3 . The most common injuries caused by falls were head wounds (20/1000 person-years), intracranial injuries (19/1000) and hip fractures (16/1000). Fifty-two percent of the patients visited the ED because of one of these three injuries. The incidence of hip fractures (19/1000 vs. 11/1000), forearm fractures (10/1000 vs. 2.6/1000) and shoulder fractures (8.4/1000 vs. 2.3/1000) was higher among females than among males. The typical diagnoses in different patient populations are presented in Table 2 .
Of all patients, 39% (n = 925) were discharged home. Eighteen percent (n = 166) of those discharged home had a subsequent fall-related injury within 1 year and 21% (n = 197) within 2 years after the first injury. When the diagnostic distribution was compared between those with recurrent falls and a single fall, there was no significant difference; the same three diagnoses were the most common also among recurrent fallers. Twenty percent of recurrent fallers had a head wound (n = 199), 20% (n = 198) had an intracranial injury, and 15% (n = 152) had a hip fracture. Thirty-seven percent of those with recurrent falls had an injury requiring hospital admission, compared to 28% among patients with a single fall. Among patients discharged home, the median time between the first and the subsequent fall was 123 days (0-627 days). Six percent of these patients (n = 10) had a subsequent injury within one week from the index ED visit and 11% (n = 19) within 2 weeks, as shown in Fig. 4 . The Kaplan-Meier curve, presenting time from the index ED visit to a new fall-related injury among patients discharged home after the index injury, is shown in Fig. 5 .
Discussion
Falls are an important public health issue and older people have a high risk of fall-related injuries. In this study, we concur with previous studies that fall-related injuries constitute a significant share of all ED visits among older people. Almost one in eight of all ED visits among patients aged ≥ 80 years were due to injurious falls, and 24% of these patients had recurrent visits due to fall-related injuries during the 2-year study period.
The incidence of fall-related injuries observed in this study was similar to that reported in the previous literature [16, 17] . However, including only those with an ED visit may underestimate the real incidence of injurious falls and falls in general. According to previous studies, the risk of falls is associated with older age; more than one third of Fig. 4 The number of patients revisiting the ED at different time points after the first injurious fall those aged ≥ 65 years experience falls each year, rising to over 50% by the age of 80 [4] . In this study population, nearly one quarter of the patients had had previous fallrelated injuries. Consequently, those with a high risk of fall recurrences could be a target for risk-reduction programs [18] . Previous falls have been shown to be the most important risk factor for falls among older people; thus, this finding is consistent with the existing literature. While it might not be a realistic option to educate all acute care physicians to thoroughly assess risk factors for falls, using automatic computer-assisted tools or geriatric ED nurses to perform risk assessment could be a solution [13] . In most cases, the reasons behind a fall are complex and further assessment of various risk factors is rarely possible in the ED environment. On the other hand, it is known that especially in the oldest age groups fall may be the presenting symptom of acute illness (premonitory fall), so thorough clinical assessment is warranted in addition to management of fall-related injuries. After risk assessment, high-risk patients should be referred promptly to fall-prevention clinics or to a homebased assessment of falling risk [10] . The observation that over 10% of those with recurrent injurious falls revisited the ED within 2 weeks and 25% within 1 month of the index ED visit underlines the need to act on fall risk without delay. During the study, over 40% of patients had multiple fall-related ED visits. As we included only those visiting ED during this 2-year period, we may have underestimated the risk of recurrent falls. In a recent study, more than half of the patients with fall-related visit had an adverse event within 6 months after the fall [19] . These events included not only recurrent falls, but other hospital admissions and deaths for example. Nevertheless, our observation may indicate that primary prevention is more crucial, since there is little time for preventive actions after the first fall [20] . In addition, it has been reported that secondary prevention of falls is inadequate [21] [22] [23] .
When patients with single and recurrent falls were compared, their demographics were more alike than we had first assumed. In our study, most patients were living independently with no difference between patients with single and recurrent falls. Similarly, in a Spanish study, indoor falls with no witnesses were significantly more likely among the oldest old [24] . They also found out that non-identified causes were more common among the oldest old. In our study, the distribution of diagnoses was similar among single and recurrent fallers. However, we emphasize that the risk of major injuries (e.g., hip fracture, intracranial injuries) is not only associated with recurrent falls but also first falls. This reinforces the importance of primary prevention.
This study has some obvious limitations. First, we described ED use in a single Finnish community. However, by focusing on this specific population we were able to access accurate data on all ED visits and population statistics. Furthermore, the advantage is that our study hospital is a high-volume ED with the number of visits to physicians exceeding 90,000 per year. A second limitation, as already noted, is that some minor injuries, especially among nursing home residents, may have been treated by the staff without a need for ED services. Also, if the fall was associated with another acute condition (such as an infection or infarction), the data related to a fall might have remained unregistered. Thus, the incidence of falls is presumably higher than reported in this study. On the other hand, possible concurrent medical conditions, like acute diseases underlying the injurious fall, could not be investigated. Finally, some of the patients categorized as single fallers are possibly recurrent fallers, but their first fall may have occurred before the study period. These limitations may diminish the differences in patient demographics between recurrent fallers and single fallers.
In conclusion, fall-related ED visits are common among older Finns. Twenty-four percent of patients had subsequent injuries, and 25% of them presented to the ED within a month of the index injury. Consequently, patients admitted to EDs may benefit from systematic risk assessment and consideration of fall-prevention interventions.
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Fig. 5
Time from the first fall-related ED visit to the second ED visit, among patients who were discharged from ED after their first fall
